Rapidly cooled human sperm: no evidence of intracellular ice formation.
The cellular damage that human spermatozoa encounter at rapid rates of cooling has often been attributed to the formation of intracellular ice. However, no direct evidence of intracellular ice has been presented. Alternatively, the cell damage may be the result of an osmotic imbalance encountered during thawing. This article examines whether intracellular ice forms during rapid cooling or if an alternative mechanism is present. In this study, human spermatozoa were cooled at a range of cooling rates from 0.3 to 3000 degrees C/min. The ultrastructure of the samples was examined by cryo scanning electron microscopy and freeze substitution to determine whether intracellular ice formed during rapid cooling and to examine alternative mechanisms of cell injury during rapid cooling. No intracellular ice formation was detected at any cooling rate. Freeze substitution of cells that had been cooled at 3000 degrees C/min and then slowly warmed showed that the cells had become plasmolysed and had evidence of membrane damage. Cell damage to human spermatozoa, at cooling rates of up to 3000 degrees C/min, is not caused by intracellular ice formation. Spermatozoa that have been cooled at high rates are subjected to an osmotic shock when they are thawed.